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lt;l(”lifl”(nlll(l

‘J”llc co]lcc}d  of “J’J’V c.]w.]f:y co]lvclsio]l”

(l;{lrsl  );l(I}<l  ll()tc.tl  lal12()jr  cals(\37lli[c.,  1961 fiIId
Wcxlloc.k, 1963). 1( IMs I)ccll  Sllmvll tha t  11)(?
i(lc:lli7rxi  ‘J’J’\7  collvc.lie] is (’a]):Il)lc.(}fJ{cIy  IIij’,11
d’flcimlcy  (Wedlock, 1961), hfudl (}ftliccfiily
lc>+XXilt:ll  \\rii S 011 Sili(x)tl CCll lMSLXi SYSICIIIS

Wlml. tlm sun (Wcxlkw.k, 1963), f o s s i l  fw.ls

(J I:IIISIIH1{CI, 196(1), 01 li-dioiso(()]m  ((ilil[(~li,
loot)” l}lt)vidd  llm itll)l]i  cllcl~.y. Sc.vc,ldl
ill\’csli/’,ti{i(Jlls  of {’,clllwllilllll  ]dmtovolttiic  calls
fol “J’J’\~ ]I:Il~cdl)j)cHIL.(i  (J(illl, ]9(,() ;lll(]~ci{ll,
1972). “J’IIcI (.. ]MS [) CC.11  11’.(XXlf W(Jlk 011 ~

la(lioisol(q~c.”  ]mvrILd C;aSl) ‘l’l)\~  sysIc.111  (l}:{y,

1 9 9 0 ) .

1 lml ‘1’rilll~t(’r

1 lcd~ ‘1’1 dllsfcl l<c(]llil~’.lllcilts  -  1  ]cnl
tlailsfm f’IL)III  lIIC c]lli[[cl  [o tlIc ‘J”J’\~ cc.]] wil l  Iw
clllit~.ly l)J’ ladiatio]l. ]f (]IC ‘1’J’V ccl] ]lfiS a
l);ttd f;a]) of 3.3//III (lliis coI IC’s]m IId$ 10 tlICJ
b:tl](if,:q) Of” IIIAS) and tlIC  SyStClll iS (ymlatd al

i t s  Illtixill]tllll  tc.lII]wld(IllL’.  (1255K) llICII  [I}c

iidc.~,ldl  o f  })lhlwk’s  1  aw f’]t}lll  ( ) . 6  to 3 . 3
Inici [)ils ~,ivcs a  I)l:lckl}(dy I d(li:tlc(l c.t Ic.I{I,y  o f
‘/. 1 w/clll~. ‘1’ltis is Ilm ]nitxi[nllll]  lIc:il cmctpy
tivfiilfil)lc. f’[)] collvc.lsion  ww]ll]illy,  1]0 kmcs.  Ii’
all Clwlf,  y oulsik  o f  tlm u s e f u l  IaII[:c  i s
ilw.ludcd,  lIK IMt tldllsfc.] ]c’.(lllitl:lli(’]ll wwlkl
Cssc.]l[ially  dolll)l(.. to al)otll  14 W/(:[112. A
IL*tIsoIIdl)lc  maxilnlllll  lIc:I(  lrdllsfcl lc’.(~[liic.tll(’llt
would  tlIrtI l)c alml[ 1() W/cl112  :iss[llnitl{l,  lill]ilc(l

Iossm aIId a suI Fdc.c. C]llil[tiiw 01 less 111:111 1.
llI1nl[ lIca(  l)y s(~lids was ]{llcd  011[ duc 10

dcsif:li  c(~llsi(lc.liiliolls, tllcl dolt’., Otlly  fylscous
dld flllid IIcfil tidllsfc.i  sys(rlIIs :IIL. Collsidc.lc’xl  in
tlIc discussion Iwlow.

(itisc.{~lls  IIc:ll ‘J’]dl]sfc.l - A  ])]1’lilllill:(ly
1001< slmws llIfil  a f,ascxws  lIcal tIdIIsftI IIlcdilllll
(slcnln) al 6.() h41’a aIId 12S5K  w’i]l I)c of’f ])]0s1

Stcalli  tal)]cs. llsill~,  snfc.ly as a (:otlsi({clati(~ll,
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OIJ( i~:t] ]’ill’illllV(Cl’S

Nloduk  1’(IWW l)cmi{y

lifi”lcic.]lcy vs. l’(nwn l)ctlsity-’ l’llc’l’l’\~
cdl Cfficicdlc.y i s  j)]idic[c(l  10 l i s t  wi[ll
ilw.]casillf, ]mwct (kmsily itw.i(lcllt 01] tlICJ cell
sti]facc  (Sew lii~,. 3) .  I f  oj)licfil colmx]lrdlioll

A syslcvll (ksi$!l was Jm(k of d
tllclill(lj)l]ol(~ t’(~ltaic  ( ’ l ’ J ’ V )  IIIO(IUIC mI(l  a
corlcsj)oll(litl[’,”  til Idy of IIi(dulcs 10 aux)lIIIII(xklc
]()\v- bwdfyt])  ‘J’l’\~ CC1lS. “JIIc syslm]i RIHS
inictdd to Im ])rdclical  fol f[llulc..  fabJ icati(nl.
‘1’IIC alltiy incl~ldc.s Olic IIun(hl’.(l  tlllle.s
(Jnodulcs),  wllicl, alL fiI ,dlI@ ill d C.ross-fl(w
lulw bal]k c.ollfi~,um[ioll  ill oldcw to tldusfc.1” hwt
al (’(pal  telll]lcl”dl[ll(’s to llIC Jalp,c llullll)cl o f
‘1’J’\~ CCI]S. 1 W“ll Ilmdlllc  coJlsis(s of I\\fo
COllcc.lltlic lI1lKX. ‘J”IIc,  oulcr, Cy]in(lt ictfil tulm
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